Introduction
The origins of many behaviors and health outcomes in life can be traced back to the period in-utero, when rapid alterations in the structure and function of the brain and body of the fetus take place (Barker, 2002; Glover, 2011; Gluckman et al., 2005) . Accumulating evidence shows that critical periods exist during pregnancy when the fetus is particularly vulnerable to prenatal maternal stress (PNMS; DiPietro et al., 1996; Wadhwa et al., 2001a) . These stressors induce changes in the fetal immune and inflammatory responses, and are believed to be a result, in part, of the effect of physiological mechanisms involving the hypothalamic-pituitary-adrenal (HPA)-axis and the central nervous system (CNS) (Wadhwa et al., 2001a (Wadhwa et al., , 2001b . Both animal (Charil et al., 2010; Langley-Evans et al., 1996) and human (Babenko et al., 2015; Buss et al., 2010; Glover, 2011) studies have shown that PNMS alters the structure and function of the offspring's brain. Prenatal alterations of HPA-axis functioning may lead to an increased susceptibility to long-term neurodevelopmental, health, and behavioral problems Talge et al., 2007; Van den Bergh et al., 2008; Van Den Bergh et al., 2005; Ward, 1991) .
Fetal programming (conditions during crucial, sensitive periods, such as in-utero, can permanently affect the phenotype of the fetus and the long-lasting risk of disease in adult life) exerts influence on the temperament and behavior of young children born to mothers exposed to PNMS (Barker, 2002) . Various forms of PNMS (e.g., depression, anxiety) have consistently been associated with variations in infant temperament characteristics, such as heightened irritability, crying, fearfulness, distractibility, and poor adaptation to stressful situation (Bergman et al., 2007; Brand et al., 2006; Davis et al., 2007 Davis et al., , 2004 Milgrom et al., 1995; Nolvi et al., 2016; van der Wal et al., 2007) . The potential evolutionary adaptiveness of certain temperament characteristics in infancy may explain why such temperament alterations occur in response to PNMS. Increased impulsivity may contribute to enhanced sensitivity to dangerous signals and readiness to explore new environments; while increased fearfulness may help raise vigilance and alertness to danger (Glover, 2011) . Similarly, more distracted attention and scanning behaviors may improve the individual's ability to monitor and react to threats more effectively (Bradshaw and Sheppard, 2000; Jensen et al., 1997; Shelley-Tremblay and Rosén, 1996) . Therefore, biological changes that occur as a result of PNMS exposure during fetal development can be evolutionarily adaptive in harsher environment (Glover, 2011; Gluckman et al., 2005; Pluess et al., 2011) . However, these early evolutionary advantages can be precursors to a variety of neurobehavioral problems during later development (e.g., ADHD, conduct problems, and depression) (De Pauw and Mervielde, 2010) . This evolutionary duality can be seen through the lens of the fetal programming (Barker, 2002) and mismatch hypotheses (Glover, 2011) which suggests that individuals are more likely to develop behavioral problems if there is discord between early programming and later environment. Increased impulsivity, fearfulness or distracted attention primed by PNMS exposure in-utero may reflect a mismatch with a postnatal environment lacking the acute stressors the fetus was exposed to in-utero. A longitudinal examination of the extent to which PNMS influences early temperament outcomes, and plotting the developmental trajectories of these temperament characteristics in early childhood, will provide additional insight into how temperament could be influenced by in-utero stress in early childhood.
To date, there are several studies of stability and change in temperament during early childhood for typical development (Aksan et al., 1999; Auerbach et al., 2008; Komsi et al., 2006; Putnam et al., 2008; Rothbart et al., 2000a Rothbart et al., , 2000b . While traditional models conceptualize temperament as stable (Strelau, 1998) , recent studies show a lack of stability in temperament profiles from infancy to childhood (Carranza Carnicero et al., 2000; Garstein and Rothbart, 2003; Partridge and Lerner, 2007; Wood, 2011) . For instance, researchers have found that "difficult" temperament, including low rhythmicity, withdrawal responses, low adaptability, negative mood and high-intensity of reactions, follows a nonlinear developmental trajectory, increasing around ages 2-3, and decreasing linearly from toddlerhood to preschool (Partridge and Lerner, 2007) . Data also suggests that negative affect, such as fearfulness and anger, increases with age from 4 to 16 months (Braungart-Rieker et al., 2010) . Some studies show that effortful control (e.g., attention and orienting), which modulates negative emotionality and reactivity, begins to develop by the end of the first year of life (Posner and Rothbart, 2000) . Research has also indicated that positive affect, such as smiling and laughter, and approach, appears in the first months of life and develops throughout infancy and toddlerhood (Bridgett et al., 2013; Dinehart et al., 2005; Sallquist et al., 2010) .
Furthermore, it has been found that while there are meaningful changes in positive affect during infancy, this temperament characteristic remains relatively consistent throughout early childhood (Bridgett et al., 2013; Putnam et al., 2008; Zentner et al., 2008) . Robust prenatal and early childhood longitudinal data would clarify the stability of temperament profiles, as well as the impact of PNMS on these traits during different developmental stages.
Furthermore, PMNS has been largely addressed as normative stress in everyday life (Rubonis and Bickman, 1991) that can be increased by other factors such as maternal psychopathology and socioeconomic status. Fewer prospective human studies have examined the effects of large-scale disastrous events (e.g., Quebec Ice Storm, Hurricane Katrina, and World Trade Center terrorism) on developmental programming (Brand et al., 2006; Huizink et al., 2007; King and Laplante, 2005; Kuvacic et al., 1996; Laplante et al., 2016 Laplante et al., , 2008 Meijer, 1985; Tees et al., 2010; Yehuda et al., 2005) , and the findings are inconsistent regarding the impact of maternal stress during pregnancy and temperament. When Laplante et al. (2016) studied the impact of the Quebec Ice Storm, they found that elevated levels of mother's subjective stress reaction to the ice storm during pregnancy were associated with difficult temperament characteristics (i.e., fussiness, dullness, and attention seeking) among 6-month old offspring. In contrast, Tees et al. (2010) studied just the objective impact of Hurricane Katrina and found no relation to difficult temperament at 2 months and 12 months. Existing studies have not systematically examined the impact of objective exposure to a catastrophic disaster and subjective stress reaction to the disaster during pregnancy while taking into account previous exposure to other traumatic events on longitudinal trajectories of early child temperament. Given that some research has found objective exposure to stress to be more damaging to child outcomes while other studies have found subjective stress reaction more predictive of child outcomes (King and Laplante, 2005) , it begs the question of whether it is mere exposure (objective PNMS) or the variation in symptoms as a result of the exposure (subjective PNMS) that is associated with adverse impacts on the fetus. Thus it is important to examine objective and subjective stress, as well as the interaction of the two in determining longitudinal changes in child temperament.
Sandy was one of the worst natural disasters in the USA (Blake et al., 2013) . It caused significant personal and financial harm in the affected area and led to 117 deaths (53 deaths in New York) (Centers for Disease Control and Prevention (CDC), 2013). The northeastern region suffered from power outages, suspension of public transportation service, and gasoline shortage. It was the second costliest cyclone to hit the U.S. since 1900 (Blake et al., 2013) . While several studies have examined the mental health impact of Sandy among exposed adults (Boscarino et al., 2014; Caramanica et al., 2015; Neria and Shultz, 2012) , no studies have documented the impact of Sandy on pregnant mothers and their offspring over time.
Previous studies suggest a link between PNMS caused by natural disaster and temperament among 6 months-old offspring (Laplante et al., 2016) , and between PNMS brought about by other factors and infant temperament (e.g., Brand et al., 2006; Milgrom et al., 1995; van der Wal et al., 2007) . However, no study has systematically and precisely investigated the contributions of PNMS to the changes in the finegrained dimensions of temperament over the early years of life using Rothbart's conceptual model of infant and child temperament (Rothbart et al., 2000a (Rothbart et al., , 2000b . Analyses of the fine-grained aspects of temperament traits also revealed three higher-order factors of Surgency/ Positive Affectivity, Negative Affect and Regulatory Capacity/Effortful Control (Putnam et al., 2008; Rothbart et al., 1994) . Surgency/Positive Affectivity refers to sociability, sensation seeking and activity (Rothbart and Bates, 1998) which underpins the behavioral approach system and leads to both reactive approach in reward situations and frustration or irritability in non-reward situations (Gray, 1991) . Negative Affect refers to discomfort, fear, anger, sadness, and low soothability (Rothbart and Bates, 1998) which underlies the behavioral inhibition system and leads to heightened vigilance, emotional and physiological arousal, and restricted behavior (Gray, 1991) . Regulatory Capacity/Effortful Control refers to processes such as allocating attention which modulates the expression of negative emotionality and reactivity (Putnam et al., 2008; Rothbart et al., 1994) . Based on earlier studies and guided by the evolutionary perspective of fetal programming, we proposed to test three hypotheses related to maternal objective exposure to Sandy, their subjective reaction and the interaction of the two. We first examined the effects of PNMS on infant temperament assessed at 6 months. Further, we conducted exploratory analyses to explain the longitudinal connections between these variables; due to the relatively little theory or data available, these speculations were more exploratory. First, we hypothesized that Sandy status, i.e. children who were prenatally exposed to Sandy (i.e., Sandy) versus those who were not (i.e., control), would predict higher levels of Surgency (as indicated by the subcomponents such as Activity Level, High-Intensity Pleasure, and Approach), Negative Affect (as indicated by the subcomponents such as Fearfulness, Distress to Limitations, and Sadness), and lower levels of Regulatory Capacity (as indicated by the subcomponents such as Duration of Orientation/Attention and Cuddliness), which are the features that contribute to a profile of "difficult" temperament; further, we predicted that an increase in these temperament difficulties would be expected to over the next two years (i.e., increased Surgency and Negative Affect with slower growth of Regulatory Capacity). Second, we hypothesized that children of mothers who experienced greater subjective stress reaction to the storm would have a similarly difficult temperament pattern at 6 months and over the next two years. Finally, we hypothesized that children of mothers who had objective exposure to Sandy and experienced more severe subjective stress reaction in-utero would have substantially more temperament difficulties than children of mothers who had less severe subjective stress reactions. Given the exploratory nature of studying the individual factors, we may expect variable trajectories even within the same broader category. In the current study, our main predictors are Sandy status (objective PNMS), subjective stress reaction following Sandy (subjective PNMS), and the interaction of the two. We then carried out a longitudinal examination of the relationship between objective and subjective stress following Sandy and the influence of these factors on temperament trajectories in offspring during their first two years of life.
Methods

Participants
We used a subsample of 318 mother-child dyads (51.3% boys) from a longitudinal study investigating the effect of stress during pregnancy on child development. Pregnant women were recruited from the prenatal obstetrics and gynecological (OB/GYN) clinics at Mount Sinai Medical Center and New York-Presbyterian/Queens in New York City during their second trimester. These women were followed throughout their pregnancy, and subsequently completed questionnaires about their child's development via mail or in-person at 6, 12, 18, and 24 months of age. Exclusion criteria for participation included HIV infection, maternal psychosis, maternal age < 15 years, life-threatening maternal medical complications, and congenital or chromosomal abnormalities in the fetus. A detailed description of the study can be found elsewhere (Finik and Nomura, 2017) . Demographic information, including maternal education, marital status, race, and age was reported by participants during the second trimester (Table 1 ). All participants gave written consent according to the protocol approved by the Institutional Review Boards at the City University of New York, New York-Presbyterian/Queens, and the Icahn School of Medicine at Mount Sinai.
Of the 318 mothers contacted for follow-up, temperament data was collected for 235 children at 6 months (wave 1), 156 at 12 months (wave 2), 160 at 18 months (wave 3), and 134 at 24 months (wave 4).
There were no significant differences in sex of the child, race, or maternal education between those who provided 1, 2, 3 or 4 waves of data. Additionally, there were no significant demographic differences between this study's sample (N = 318) and the active participants of the parent study (N = 138) across child sex (p = .082), race (p = .826), and maternal education (p = .053). The control group was composed of mainly participants who resided in Manhattan and received obstetric care at Mount Sinai Hospital, while the Sandy group was composed of women who resided in devastated regions, Queens and Long Island. Except that mothers in the Sandy group had higher education levels than the control group (p < .001), there were no major demographic differences, including sex of child (p = .514), gestational age (p = .371), birthweight (p = .101), maternal age (p = .374) or mother's race (p = .152) between these two groups.
Measures
Temperament
The Short Form of the Infant Behavior Questionnaire-Revised (IBQ-R; Garstein and Rothbart, 2003; Putnam et al., 2014; Rothbart, 1981) and Early Childhood Behavior Questionnaire (ECBQ; Putnam et al., 2006) are parent-reported questionnaires of early child temperament for use with infants (IBQ-R) and toddlers (ECBQ) (Putnam et al., 2006) . Parents rate the frequency of a wide array of child behaviors on a scale from 1 (never) to 7 (always). The IBQ-R is comprised of 14 subscales, while the ECBQ consists of 18 subscales. Seven scales appear on both questionnaires: Activity Level (the amount of gross motor activity level), Cuddliness (the desire for closeness with others), Sadness (lowered mood), High-Intensity Pleasure (pleasure related to high-intensity stimulus), Low-Intensity Pleasure (pleasure related to low-intensity stimulus), Fearfulness (negative affect related to startle or distress), and Perceptual Sensitivity (the ability to detect low-intensity stimuli) and four scales equivalent on both measures (listed as follows with ECBQ equivalent in brackets): Approach one of the instruments and reflect traits specific to that developmental phase (Putnam et al., 2008 ) and thus were not included in this study. Mothers completed the IBQ-R at 6 and 12 months and the ECBQ at 18, and 24 months postpartum. Both, the IBQ-R (Garstein and Rothbart, 2003; Putnam et al., 2014) and the ECBQ (Putnam et al., 2006) are widely used and have high internal consistency and good interrater reliability among relatives of the child. In the present sample, internal consistency of the temperament measures at different times (6, 12, 18 and 24 months) was adequate with Cronbach's alphas ranging from .65 to .84. According to Rothbart's conceptual model, there are three broader dimensions of infant and child temperament, comprised by the 11 common dimensions of temperament between the IBQ-R and ECBQ instruments. Surgency/Positive Affectivity is comprised by the following subscales: Activity Level, High-Intensity Pleasure, Approach, and Perceptual Sensitivity (IBQ-R); Negative Affect is comprised by: Falling Reactivity, Fearfulness, Distress to Limitations, Sadness, and Perceptual Sensitivity (ECBQ); and Regulatory Capacity/Effortful Control is comprised by: Duration of Orientation, Low-Intensity Pleasure, and Cuddliness (Posner and Rothbart, 2007; Putnam et al., 2008) . The present study uses the component subscales rather than the broader dimensions of temperament to enable more specific analysis (Table 2) .
Maternal traumatic stress
Sandy status was defined as whether mothers were pregnant during Sandy (1), or either before or after Sandy (0). As fetal programming is of interest to this investigation, those not pregnant during Sandy comprised a single group to isolate the impact of Sandy in-utero. A total of 135 mothers (42.5%) were pregnant, and 183 mothers were not pregnant during Sandy (164 delivered children prior to and 19 became pregnant after Sandy). Participants were assigned to a Sandy group or a comparison group based on this measure.
The Post-traumatic Stress Diagnostic Scale (PDS; Foa, 1996 ) is a reliable self-report questionnaire that measures symptom severity of Post-Traumatic Stress Disorder (PTSD). It was adapted to assess symptoms specifically related to Sandy and served as a measure of mother's subjective stress reaction. This variable is referred to henceforth as 'Subjective stress reaction'. Mothers rated how much they were bothered by each of the PTSD symptoms as outlined in DSM-IV on a fourpoint Likert scale from 0 (Not at all or only one time) to 3 (5 or more times a week/almost always). Internal consistency was .90. (Foa, 1996) . The number of other traumatic events derived from this measure constitutes our "other trauma" variable.
Prenatal depression.
Prenatal depression has been associated with increased temperament problems and negative emotionality during early child development (Davis et al., 2007; Field, 2011; Zuckerman et al., 1990 ). The Edinburgh Postnatal Depression Scale (EPDS) (Cox et al., 1987 ), a validated 10 item self-report measure, was used to measure mother's depressive symptomatology during pregnancy. Mothers reported their feelings in the past 7 days on a 4 point Likert scale from 0 to 3. The internal consistency was .81.
Gestational diabetes mellitus (GDM) and preeclampsia.
A combination index score (0, "No", and 1, "Yes") indicated absence or presence of preeclampsia and/or GDM. Preeclampsia and GDM status was determined by participant medical record review throughout pregnancy. Two conditions were required for diagnosis of preeclampsia at the clinic from which the participants were drawn: 1) elevated blood pressure at 140 systolic or 90 diastolic on at least two separate occasions and 2) presence of proteinuria in at least 300 mg/ 24 h or 2+ on urine dip. GDM status was defined as glucose intolerance with first onset during pregnancy as determined by a glucose tolerance test.
Mother's drug abuse.
A combination index score of (0, "No", and 1, "Yes"), indicated absence or presence of smoking, drinking, marijuana, cocaine, heroin, methadone, opiate, glue, prescription, and/ or other drugs according to maternal self-report during pregnancy at the baseline.
2.2.3.5. Demographic variables. A priori confounder selection included child gender and maternal education. Maternal education was considered the best indicator of socioeconomic status (SES) among pregnant women, as other indicators (i.e. employment and income) may introduce systematic bias as mothers may choose to stay at home during pregnancy. Findings regarding gender differences in temperament are varied and inconsistent. Females exhibit greater distress to novelty and sensitivity to stimuli in infancy as compared to their male counterparts (Martin et al., 1997) . However, a longitudinal analysis of infant reactive temperament found no sex differences among infants 3-9 months old (Rothbart, 1986 ). Though we did not conduct separate analyses for males and females, to remain conservative in our analysis, we have adjusted for gender to account for this potential confound.
Statistical analyses
Hierarchical linear modeling (HLM) was used to assess both withinperson longitudinal models and between-person models (Raudenbush and Bryk, 2002) . The within-person model mapped the developmental trajectory of temperament at four data points from age 6-24 months. The between-person model estimated how traumatic stress due to Sandy influenced changes in child temperament. All models in the analysis were corrected for non-normal distributions of level 2 residuals by applying the full maximum likelihood estimation with robust standard errors (Maas and Hox, 2004) .
Model 1: Change in temperament over time
Model 1 was designed to characterize the trajectories of temperament across 4 time points ranging from 6 to 24 months of age. For each outcome, we first tested a model of linear change (a). As temperament may not display a linear change, especially in early development (Partridge and Lerner, 2007; Sukigara et al., 2015) , we also tested for 
Model 2: Predictors of intercepts and slopes
After choosing the linear (a) or quadratic (b) model where appropriate, we explored whether Sandy status, subjective stress reaction, and their interaction (Sandy status x Subjective stress reaction) explained significant variance in mean intercept or slope of child temperament. If any temperament dimension displayed neither linear nor quadratic change overtime, predictors were added to calculate the intercept only. Subjective stress reaction was grand mean centered. If there was a significant interaction, sequential analyses were performed to compare the effect of Subjective stress reaction on temperament by Sandy status. High and low Subjective stress reaction groups were created based on upper versus lower quartile to display the effect of Subjective stress reaction on temperament. Exposure to other trauma, child gender, maternal education, prenatal depression, GDM and preeclampsia, and drug abuse were included as covariates in modeling the predictors of change in temperament.
Linear Model (c): 
Missing data
Missing data represents serious methodological problems in many longitudinal empirical studies. HLM yields parameter estimates for missing time points for dependent variable data (temperament) at level 1 (i.e., within subject variability) but not for predictor variables at level 2 (i.e., between subject variability) (Raudenbush and Bryk, 2002) . Rather than removing a sizable portion of the sample by using a repeated-measure analysis, we leveraged this central methodological strength of HLM, the generation of estimates for missing data at certain time points. Given that the majority of the children in the current sample were missing temperament data for at least one-time point (42.1%), HLM provided the most robust method of dealing with the missing data. At level 2, missing values for predictor variables were imputed with the default multiple imputation procedure of SPSS (5 imputations), in which missing data is replaced with estimated values. Multiple imputation is superior to traditional pairwise and listwise deletion (Allison, 2002) , as including cases with only complete data may not be representative of the whole population, which would introduce systematic bias. In the current sample, the percentage of missing data for the predictor variables and covariates ranged from .3% for subjective stress reaction to 4% for prenatal depression at level 2. Following Schafer and Graham (2002) , HLM computes average estimates that reflect the uncertainty of missing level 2 data.
Results
Change in temperament over time
We modeled temperament as a function of the intercept plus the linear/quadratic effect of age (Table 3) . Fig. 1 depicts the developmental trajectories of each temperament domain. Activity Level increased linearly with age. Sadness, High-Intensity Pleasure, and LowIntensity Pleasure decreased linearly with age. Approach, Distress to Limitations, Fearfulness and Perceptual Sensitivity increased or remained stagnant in the earlier age range (6-12 months) but then decreased. Cuddliness decreased in the earlier age range (6-18 months) but then increased. Neither the linear nor the quadratic slope for Duration of Orientation and Falling Reactivity were significant.
Predictors of Intercepts and Slopes
After retaining the best fitting model (i.e., linear or quadratic), we explored whether Sandy status, subjective stress reaction, or their combination predicted mean intercepts (i.e., temperament at 6 months) or slopes (i.e., rate/direction of change over time). In the interest of brevity, only significant results related to PNMS are reported here. All analyses included exposure to other trauma, prenatal depression, maternal substance use and GDM/preeclampsia, child gender, and maternal education as covariates.
Sandy status 3.3.1. Intercept
There was a significant main effect of Sandy status in predicting intercepts for High-Intensity Pleasure (t-ratio = 2.26, p = .025), Approach (t-ratio = 4.35, p < .001), Cuddliness (t-ratio = − 2.64, p = .009), Fearfulness (t-ratio=2.31, p = .022), Perceptual Sensitivity (t-ratio = 2.17, p = .031) and Duration of Orientation (t-ratio = − 1.95, p = .050). At 6 months, children exposed to Sandy in-utero were rated higher on High-Intensity Pleasure, Approach, Fearfulness, and Perceptual Sensitivity, but lower on Cuddliness and Duration of Orientation as compared to those unexposed (Fig. 2) .
Slopes
For Activity Level, there was a significant main effect of Sandy status in predicting the linear slope (t-ratio = 2.24, p = .026). At 6-24 months, children exposed to Sandy in-utero had a greater increase on reported Activity Level than those unexposed.
For High-Intensity Pleasure, there was a significant main effect of Sandy status in predicting the linear slope (t-ratio = − 2.00, p = .046). At 6-24 months, children exposed to Sandy in-utero showed a greater decrease on High-Intensity Pleasure than those unexposed.
For Approach, there was a significant main effect of Sandy status in predicting the linear and quadratic slopes (linear: t-ratio = − 4.13, p < .001; quadratic: t-ratio = 2.69, p = .008). Children exposed to Sandy in-utero showed a continuous decrease on levels of Approach from 6 to 24 months, whereas those in the control group showed an increase from 6 to 12 months followed by a decrease from 18 to 24 months, with no significant difference between 12 and 18 months.
For Fearfulness, there was a significant main effect of Sandy status in predicting the linear and quadratic slopes (linear: t-ratio = − 2.61, p = .009; quadratic: t-ratio = 2.12, p = .035). Children exposed to Sandy in-utero showed a continuous decrease on Fearfulness, whereas those in the control group showed an increase from 6 to 12 months followed by a decrease from 12 to 24 months (Fig. 3) .
Subjective stress reaction
There was no significant main effect of subjective stress reaction in predicting either intercept or slopes.
3.5. Sandy status × Subjective stress reaction interaction 3.5.1. Slopes
For Activity Level, there was a significant interaction effect in predicting the linear slope (t-ratio = 2.33, p = .021), further analyses revealed that subjective stress reaction marginally predicted the linear slope in temperament growth for the Sandy group (t-ratio = 1.74, p = .084) but not in the control group (t-ratio = − .15, p = .881). Among children exposed to Sandy in-utero, greater subjective stress reaction was associated with a greater increase of Activity Level from 6 m to 24 months, whereas lower subjective stress reaction was associated with a smaller increase (Fig. 4) .
Discussion
The current study investigated the effects of PNMS due to Superstorm Sandy on the developmental trajectory of temperament in early childhood using an evolutionary developmental perspective. Prior research on disaster-related PNMS and child development has had mixed results, with King et al. (2012) reporting a clear link between both objective and subjective PNMS due to the Quebec Ice Storm and child development and Tees et al. (2010) reporting no significant relation between objective hardship related to Hurricane Katrina and infant temperament. Our findings demonstrated that exposure to Sandy in-utero alone, without accounting for the degree of objective exposure, had a considerable impact on both infant temperament and on the developmental trajectory of temperament from infancy to childhood. One reason why our results deviate from the nonsignificant findings in Tees et al.'s (2010) study might be the relatively small proportion of pregnant women during Hurricane Katrina were included in the cohort of pregnant women that were examined in their study. Additionally, our study included repeated measures of child temperament, as opposed to a one-time measurement, to examine differences in the pattern of change in temperament.
Our results suggest that objective exposure to PNMS would be a robust predictor of emotionally reactive (positive and negative) and dysregulated affective traits in 6-month old infants. These results are consistent with the findings of various prior studies in this area (Austin et al., 2005; Davis et al., 2007 Davis et al., , 2004 McGrath et al., 2008; Nolvi et al., 2016; Pesonen et al., 2005) . In line with our hypotheses, children exposed to Sandy in-utero exhibited elevated positive emotionality, more specifically characterized by higher pleasure seeking (High-Intensity Pleasure), approach tendency (Approach), and higher reactivity to environmental cues (Perceptual Sensitivity). In terms of negative emotionality and self-regulation, they displayed higher levels of vigilance (Fearfulness) and more problems with affiliation (Cuddliness) and attention (Duration of Orientation). This profile of temperament characteristics may improve the survival of young infants according to the evolutionary framework underlying fetal programming via PNMS. Fearfulness may protect the infants by priming them to avoid danger in potentially harmful environments (Bergman et al., 2007; BraungartRieker et al., 2010) . Greater sensitivity, and reactivity might enable the Fig. 2. Comparisons of temperament at 6 months between control and Sandy groups. There were significant differences in HighIntensity Pleasures, Approach, Cuddliness, Fearfulness, Perceptual Sensitivity, and Duration of Orientation. The differences were not significant in Activity Level, Sadness, LowIntensity Pleasure, Distress to Limitations, and Falling Reactivity.
child to more efficiently sense potential threats and elicit parental attention. However, these children also may be more likely to display maladaptive behaviors in a subsequently nonthreatening postnatal environment owing to a mismatch between the environment the child was prepared for and the environment the child was born into.
Although there was no notable difference in the scale of Activity Level at 6 months, a greater increase in Activity Level from 6 to 24 months was found for children exposed to Sandy in-utero. Additionally, among these children, a marginally greater increase in activity was found for those whose mother experienced greater subjective stress reaction to Sandy. Activity level has been associated with peer rejection (Walker et al., 2001) , aggression, and externalizing behaviors (e.g., attention-deficit/hyperactivity disorder, ADHD) (Auerbach et al., 2008 . The consistent findings on high activity are notable, as this scale is an important early behavioral risk marker for possible ADHD and behavior after age 2 (Buss et al., 1980; Campbell et al., 1994) , as well as early onset and persistence of ADHD by age 4 (Sonuga- Barke et al., 2005) . As our participants grow, we may be able to observe if children who were exposed to greater subjective PNMS inutero exhibit a higher or accelerated rate of behavioral problems compared to their peers.
At 6 months, children exposed to Sandy in-utero, relative to their unexposed peers, showed greater values of High-Intensity Pleasure and Approach, exhibited lower ratings in these measures over time, and had lower values at 24 months. The high-intensity pleasure exhibited has been related to sensation seeking (Zuckerman, 1990) . Additionally, the high approach tendency may lead to frustration when an individual is being blocked from reaching goals (Rothbart et al., 2000a (Rothbart et al., , 2000b . It is possible that infants with initially higher pleasure-seeking tendencies and approach are more likely to be discouraged by frustrations, thereby reducing their approach tendencies, even if they usually exhibit positive affect. Lower sensation seeking and lower approach motivation characteristics appear to be a risk factor for increased vulnerability to depression in childhood and adolescence (Schneider, 2014) . On the other hand, it is possible that highly reactive infants attract greater attention from their caregivers than low-reactive infants, thereby having learned emotion regulation and more adaptive behavior over time.
Similarly, children exposed to Sandy in-utero showed greater Fearfulness at 6 months, then a greater decrease in Fearfulness over time, though there was no difference observed at 24 months. Our findings are consistent with some prior studies. For example, Barker et al. (2011) revealed that PNMS was associated with fearless temperament at age 2 years, which was further associated with greater conduct problems and callous-unemotional traits at age 13, independent of parenting and prenatal risk factors. Relatedly, researchers have also studied cortisol, a stress hormone that indexes stress activity in the HPA-axis. Lower cortisol levels indicate blunted stress reactivity and has been associated with fearlessness and callous-unemotional traits (Loney et al., 2006; Stadler et al., 2011) . A study by Yehuda et al. (2005) on the effects of exposure to 9/11 showed that offspring of women who developed PTSD predicted lower cortisol levels at 9 months of age compared to offspring of women who did not develop PTSD. Fearless temperament has been associated with greater risk for externalizing behaviors (Eisenberg et al., 2001) .
The process of expression and regulation of emotion exhibits dramatic shifts over infancy and early childhood (Camras, 1994; Posner and Rothbart, 2007; Ruff and Rothbart, 2001 ). Prior temperament literature illustrates the inter-relationship between temperament traits, via heterotypic continuity (Bridgett et al., 2011; Carranza et al., 2013; De Pauw and Mervielde, 2010; Putnam et al., 2008) , which posits the extent to which specific temperament traits that are phenotypically different share common underlying attributes during different stages of development. Effortful control is one of the biggest heterotypic change that reflects neuro-maturation after infancy (Auerbach et al., 2008) . Our data shows that negative characteristics, e.g., Distress to Limitations and Fearfulness, increased or remained stagnant between 6 and 12 months followed by decreasing levels around 12-18 months, which may be attributed to the development of the effortful control. Similarly, the regulatory temperament characteristics, i.e., Cuddliness, decreased from 6 to 18 months and then increased. While gaining a further understanding of these issues (the heterotypic continuity of different temperament domains) is important, especially in the context of the complex nature of the PNMS and temperament association, it is beyond the scope of this study.
This study has several limitations. First, child temperament measures were based solely on maternal self-report. Adding observational measures or multiple informant measures (e.g., paternal or teacher measures) in future studies could strengthen our findings. Second, although we illustrated the longitudinal effects of PNMS on temperament, developmental trajectories could be more appropriately studied if more time-points were included. Relatedly, measures of behavior and the emergence of symptomatology in later childhood would bolster the validity of using temperament as a marker for underlying neurobehavioral alterations related to PNMS. Third, there were no significant differences in major demographic characteristics between the exposed and control groups except that mothers in the Sandy group had higher educational level (which was controlled for in the analysis). However, given that the groups were recruited from different residential areas in NY, it is possible that they may differ in unmeasured ways. Forth, this study did not include the timing of stress exposure, which some prior research has shown to be an important predictor of later development, though this finding is not unanimous (Laplante et al., 2016; Tees et al., 2010) . Further, despite evidence of both homotypic and heterotypic continuity in Rothbart's measure of temperament between infancy and childhood (Komsi et al., 2006) , the findings need to be interpreted with caution given that item descriptions are not identical on the IBQ-R and ECBQ. Moreover, the study lacks a biological measure of HPA-axis functioning. Higher prenatal stress has been linked to altered levels of maternal cortisol, the end product of the HPA-axis (Chrousos, 1992) . In this regard, research targeting this psychobiological substrate could further our knowledge of prenatal stress and temperament. As stress is an intangible concept, much of the interpretation is subjective and it is difficult to synthesize and integrate results among studies measuring different types of stress, such as maternal depression and anxiety (Van den Bergh and Marcoen, 2004; Glover, 2015) , stressful life events (Li et al., 2014) , daily hassles Huizink et al., 2003) and traumatic experiences. Finally, the underlying mechanism of the effect of maternal traumatic stress on child temperament was not investigated in this study. Although we attempted to control for potentially confounding prenatal variables (i.e., lifetime trauma other than Sandy, prenatal depression, GDM & preeclampsia, substance abuse) to investigate the stress brought on by Sandy in a longitudinal framework, we acknowledge the need for further research to identify the differential contribution of prenatal stress types on offspring temperament.
Despite these limitations, our research suggests that disaster-related prenatal stress exposure was associated with more surgent, negative and dysregulated temperament traits among exposed offspring at 6 months of age, with a progressive increase in activity level and a progressive decrease in risk-taking, positive anticipation, and fear in the early development. These findings support the fetal programming and evolutionary perspective. In particular, temperament characteristics observed in the 6-month-old children who were affected by Sandy may have better coping skills for postnatal environmental risks especially during early development stage. While adaptive in early life, difficult temperament during this period in childhood may be a precursor for a range of problematic outcomes (De Pauw and Mervielde, 2010; Hellemans et al., 2010) .
The clinical significance of our study is that maternal exposure to disaster-related stress may produce alterations in infant temperament that may have implications for future behavioral problems. If replicated and extended to behavioral difficulties later in development, these findings underscore the benefits of mental health intervention during prenatal care to reduce downstream developmental health burdens. Our findings also add support to calls for additional investment in pediatric practices to increase their capacity for involvement in national disaster preparedness. In particular, our results highlight that pregnant mothers are an especially vulnerable group and there is an urgent need for vigorous post-disaster outreach to this population. Natural disasters are not preventable, but armed with the knowledge that in-utero exposure to traumatic events adversely impact child temperament, we can encourage early intervention to ameliorate their adverse effects on child outcomes.
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